1913). The early golf balls contained barium sulphate, soap, and free alkali (Crigler, 1913) . The alkali was presumably responsible for the serious ocular injuries and, after 1914, it was no longer used in the manufacture of golf balls in the United States of America. Barium sulphate is still, however, a major constituent of recently manufactured golf balls, at least in the UK.
Twelve cases of injury to the eyelid, conjunctiva, and orbit resulting from disrupted golf balls have been reported during the last io years (Table I) . Table II . In all cases, conjunctival lesions were present; in two (Cases 3 and 6) the eyelid was also involved. In Case 8 the deposits were black, but in all others they were creamywhite.
In five cases, there was complete and uneventful recovery after local excision, but residual scarring occurred in the other four. In one of these (Case 7) treatment with betamethasone was required. No significant loss of vision occurred in any case, although a small patch of commotio retinae which healed with a small chorioretinal scar was noted in Case 4.
Histological appearances i 8 TO 48 HOURS
The deposits of crystalline material and other foreign matter were present in large pools in the substantia propria of the conjunctiva, in the dermis, and in the orbicularis muscle. These pools contained some necrotic debris and red cells and were surrounded by a thin rim of polymorphs and lymphocytes. Many of these cells showed nuclear pyknosis and numerous free nuclear fragments were also present (Fig. I) (4, 5, and 7, Fig. 2 ). In the eyelid tissue from Case 6, the cellular reaction was particularly diffuse, presumably because the crystals were widely scattered in the dermis. Very small crystals were observed in the cytoplasm of the macrophages while the larger crystals were surrounded by small flattened multinucleate cells (Fig. 3) . Even at this stage, perivascular accumulations of macrophages containing birefringent crystals could be seen.
Palisading of macrophages was prominent in the 8-day specimen.
i 6 TO 20 WEEKS The crystalline and other foreign matter was embedded in a delicate fibrovascular stroma to form a clearly circumscribed mass in the i6-week specimen (Fig. 4a) . In this case many black particles were present. Numerous macrophages and multinucleate giant cells were present in the stroma and strands of histiocytes containing small particles were seen lying along small blood vessels (Fig. 4) . The 20-week specimen contained numerous multinucleate giant cells.
Analysis of the foreign material in tissue sections
The foreign material consisted principally of clear or pale-staining birefringent crystals varying considerably in size in different specimens (Figs i-4b ). In addition, semi-opaque brownish-black particles varying in size and shape were present. The amount of this material differed greatly in different specimens. Some contained hardly any, while in Case 8 the amount was sufficient to account for the almost black appearance of the deposits.
The birefringent crystals were frequently almost square (rhombic, angles 800 and i I00) ( shapes. The optical data indicate that the crystals are crushed barytes (BaSO4), whose shape is controlled by cleavage along the (2io)* faces. Quantitative microprobe analysis by the use of the crystal spectrometers (Table III) showed that barytes was the major constituent of the foreign material (>go per cent).
The semi-opaque, brownish-black particles often appeared hexagonal (Fig. 4a ). They were much thinner than the section of tissue (20,um) and showed very low birefringence which, in some cases, was masked by the dark brown colour. Microprobe analysis proved the particles to be muscovite or hydromuscovite (Table IV) .
A single grain of pyrite and several grains of iron oxide were found in Case 8 by microprobe analysis.
No zinc-bearing grains were detected.
Analysis of golf balls Eight out of the nine slurries from the centre of the balls were white, while the ninth was black. Microscopical examination of the dried slurries showed the presence of large amounts of barytes, with shapes and sizes very similar to those found *Miller index in the granulomata. The dark hexagonal grains were also present in small quantities. The darkcoloured slurry differed only in having a darkcoloured fluid medium. X-ray diffraction charts of all nine samples were identical; the only mineral showing up in the trace was barytes. This suggests that the muscovite may be poorly crystalline and hence would not produce x-ray diffraction. The amount of the muscovite is also small (-5 per cent). Partial x-ray fluorescence analyses of two samples were made. These were very similar except for the content of Sr (Table V) which is no doubt related to the source of the barytes used by the different manufacturers. The Pb reported in the analysis is probably present as galena (PbS).
Discussion
Most golf balls manufactured in this country still contain a liquid centre under high pressure. The particulate material in the liquid is capable of penetrating both conjunctiva and skin if the rubber casing of the liquid centre is perforated by the unwary. The mineral assemblage found in this material and in the tissue sections from those injured (barytes, muscovite, galena, pyrite, and iron oxide) is typical of natural barytes deposits. The barytes was in the form of crushed crystals. In the American cases, the crystalline material was apparently barium sulphate and zinc sulphide (Johnson and Zimmerman, I965; O'Grady and Shoch, I973) and the birefringent crystals were white in unstained sections, and the lesions did not appear to be pigmented grossly. The material was thought to have been derived from lithopone, which is a mixture composed of 70 per cent BaSO4 and 30 per cent ZnS, but Johnson and Zimmerman (I965) failed to identify zinc by x-ray microanalysis. (Slusher and others, I967) and in two there was significant residual disability (Nelson, I 970) . In our cases, significant corneal damage was not recorded. Since the cornea represents a large centrally situated area to which the trajectory of the particles must approximate most closely to the perpendicular and thus favour penetration, it is surprising that corneal damage is not a regular feature. The resistance of the cornea may be due to tight epithelial adhesion to Bowman's membrane, the mechanical strength of which probably prevents deep penetration. The substantia propria of the conjunctiva and the dermis of the eyelid are, by contrast, lax tissues.
Finally, the study has demonstrated the relative ease with which individual mineral particles can be identified by means of the electron probe in thick paraffin tissue sections.
Summary
Tissue removed from nine new cases from i8 hours to 20 weeks after injury by a golf ball contained crystalline and other foreign material to which there was a mild inflammatory reaction followed by macrophagic activity and fibrosis.
Optical and electron probe analysis showed that the crystalline material was crushed barytes containing small quantities of muscovite as is typical in natural deposits. The centres of several golf balls were shown to contain essentially identical material. By contrast with previous reports, no zinc sulphide was found.
The form and frequent location of the deposits in the conjunctiva as compared with cornea and eyelid is related to the structure of these tissues. 
cores.

Ocular injuries from liquid golf ball
